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EDUCATION
LEARNING STORM DYNAMICS WITH A VIRTUAL THUNDERSTORM
BY WILLIAM A. GALLUS JR., CINZIA CERVATO, CAROLINA CRUZ-NEIRA, GALEN FAIDLEY, AND REX HEER virtual tornadic thunderstorm activity designed for use on a wide variety of computer platforms has been completed [we discussed a prototype in BAMS (January 2003, pp. 18-21) ]. The activity now includes improved visual effects, sound, andmost importantly for pedagogical purposes-a graphical user interface (GUI) that allows students to collect weather data for analysis throughout the three-dimensional volume (Fig. 1) . A Linux version is available to download at www.vrac.iastate.edu/research/ sites/tornado, and a Windows version should be available soon (the activity is also available on CD-ROM; please send requests to wgallus@iastate.edu).
The virtual supercell thunderstorm, scaled to match those commonly observed, can be viewed in a highly immersive CAVE™-like environment (a projection-based virtual reality environment) or on a desktop PC. The virtual storm represents an instant in time during the mature, roughly steady-state stage of a tornadic supercell, and includes such visually realistic features as a wall cloud, tornado, tail cloud, comma-shaped rain region, anvil cloud, mammatus, rear-flank downdraft clear slot, and shelf cloud. Audio representing the roar of the tornado, thunder, rain of varying intensity, and hail has been included.
The addition of the data GUI provides many opportunities for students to discover, explore, and learn as scientists would. The GUI reveals a data field created for several atmospheric parameters based on observational studies in the scientific literature, and it was created to match the visual features of the virtual supercell thunderstorm. Temperature perturbations reflect the low-level cold pool associated with melting and evaporation of rain, subsident warming within the rear-flank downdraft, and the warm core within the buoyant updraft. Relative humidities depict some of the same features. Pressure perturbations, vertical velocities, and horizontal wind components were all supplied to match both the virtual storm and observational studies.
The GUI allows a student to sample data at any point as they navigate in the virtual world. The measurement that they take is displayed on a map, along with all prior measurements. To control the large amounts of data that can accumulate, simple colorcoding is used on the map, and more precise data readings are displayed in a separate table. The sampling occurs in three dimensions (the data are assumed to come from an instrument operating like a vertical sounder), and a slider scale on the right side of the GUI map allows the student to move up or down in the atmosphere. To improve navigation, the GUI was designed so that students can either navigate in the virtual storm graphics window, or simply click positions on the GUI map, in which case they are taken immediately to that spot in the virtual world.
Using surveys and quizzes distributed to the nearly 400 students enrolled in an introductory meteorology course, we have been making preliminary studies since 2002 (though the full GUI only became available in 2004) of how well the activity helps students learn. Because the virtual storm activity itself was only available on PCs in one lab, 10-25 volunteers were solicited from the class to serve as a test group for the use of the application. Although students were enthusiastic about the activity, quiz scores were low when students were tested after using the activity alone (no exposure to traditional lecturing on thunderstorms and tornadoes). Quiz results suggested that the test group showed better understanding after exposure to traditional lecturing. We will continue to research the best way to use the activity to help students learn.
